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ABSTRACT 
Although Li/CF c e l l s  and b a t t e r i e s  have an excel lent  s a f e t y  record, they 
have been included with o the r  ba t t e ry  systems t h a t  r e q u i r e  a d d i t i o n a l  s a f e t y  
precautions. One precaution t h a t  has been suggested i s  the  inclus ion of shunt 
d i o d e s  i n t o  t h e s e  b a t t e r i e s .  Th i s  paper  e x p l o r e s  t h e  b e n e f i t s  of t h i s  
addition. 
INTRODUCTION 
The LCFS-20 i s  a popular double-"D" s i z e  l i t h i u m  carbon-monof l u o r i d e  
c e l l  c u r r e n t l y  used i n  severa l  d i f f e r e n t  b a t t e r i e s .  One such b a t t e r y  is  the  
MAP-9036-5, t h e  Range Safety Battery used i n  the  Space Shu t t l e  Program. I n  an 
attempt t o  fu r the r  increase  the sa fe ty  of the  ba t t e ry ,  a con t rac t  was proposed 
t h a t  included the  incorporat ion of a shunt diode board i n t o  the  bat tery .  The 
r e s u l t i n g  ba t t e ry  i s  designated MAP-9036-7. The v i t a l  s t a t i s t i c s  on the  MAP- 
9036-7 a r e  a s  follows: 
Height: 5.3 inches Nominal OCV: 38.0 v o l t s  
Width: 6.6 inches Nominal Working Voltage: 29.0 v o l t s  
Length: 8.0 inches Nominal Capacity: 20.0 a.h. 
Weight: 9.0 pounds Nominal Discharge Rate: 0.5 amperes 
Cells: 13 LCFS-20 Operating Temperature Range: + 2 0 ° ~  t o  +140°~ 
The diode designated t o  be used was the  IN5550 s i l i c o n  r e c t i f i e r  diode. 
The v i t a l  s t a t i s t i c s  f o r  the  diode a r e  a s  follows: 
Working Peak Reverse Voltage Rating: 200 v o l t s  
Maximum Average Forward Current: 3 amperes 
Surge Current Rating a t  +55:~: 150 peak amps maximum 
D.C. Reverse Current a t  100oC I 200V: 0.025 mA dc maximum 
Forward Voltage Drop a t  +55 C ag 3 amperes dc: 1.0 v o l t s  maximum 
The d i o d e s  were included i n  the  b a t t e r y  t o  a c t  a s  a shunt i n  the  event 
tha t  any c e l l  became overdischarged and began t o  reverse. The diode(s)  would 
n o t  a l l o w  t h e  c e l l  ( o r  c e l l s )  t o  go i n t o  deep r e v e r s a l  and thereby would 
prevent any damage t h a t  t h i s  deep r e v e r s a l  might cause  t o  t h e  c e l l  and t h e  
t o t a l  ba t t e ry  voltage. A b a t t e r y  schematic i s  shorn i n  Figure 1. 
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The b a t t e r y  
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was t o  b e  d i s c h a r g e d  a t  a c o n s t a n t  rate of 0.50 amperes. 
t o  b e  d e l i v e r e d  anywhere w i t h i n  a t e m p e r a t u r e  r a n g e  of  
The  c u s t o m e r  w a s  e s p e c i a l l y  c o n c e r n e d  a b o u t  c e l l s  t h a t  had been  
discharged,  allowed t o  s t and  f o r  a per iod  of approximately t h r e e  months ,  and  
t h e n  d r i v e n  i n t o  r e v e r s a l .  T h i s  s i t u a t i o n  had caused problems i n  d i f f e r e n t  
b a t t e r y  systems and t h e r e  was concern about how t h e  L ~ / C F  c e l l s  would r e a c t .  
A s  a r e s u l t ,  c e l l s  a p p r o x i m a t i n g  t h i s  cond i t i on  were t e s t e d  as were f r e s h l y  
discharged c e l l s .  
The LCFS-20 c e l l s  were t e s t e d  t o  t h e  fo l lowing  ou t l i ne :  
1. Hot Tes t  (165 + o r  - 5 ' ~ )  
A. Previously discharged cells 
1. Reversed wi th  shunt  d iode  
2. Reversed without shunt  diode 
B. Recent ly discharged c e l l s  
1. Reversed wi th  shunt  diode 
2. Reversed without shunt  diode 
2. Room Temperature Tes t  (outdoor  ambient) 
A. Prev ious ly  discharged c e l l s  
1. Reversed wi th  shunt diode 
2. Reversed without shunt  diode 
B. Recently discharged c e l l s  
1. Reversed wi th  shunt  diode 
2. Reversed without  shunt  diode 
3 .  Cold Tes t  (-25 + o r  - 5 ' ~ )  
A. Prev ious ly  discharged c e l l s  
1. Reversed wi th  shunt  diode 
2. Reversed without  shunt  d iode  
B. Recent ly discharged c e l l s  
1. Reversed wi th  shunt  d iode  
2. Reversed without shunt  diode 
Cells used in these tests were standard production cells that were used 
as lot acceptance cells. They were discharged at a constant current of 0.50 
amperes to an end voltage of 200 volts. To successfully complete lot 
acceptance, the cells must deliver a minimum of 19.8 ampere-hours of capacity. 
The history of the cells used is a follows: 
Delivered Capacity Days from Capacity Test 
Serial Number (amp-hours) to Diode Test 
The cells were allowed to equilibrate in their test environments for 
between 20 and 48 hours prior to discharge and reversal. Elapsed time, 
currents, voltage, and cell skin temperatures were monitored using standard 
calibrated timers, ammeters, DVM's and trendicators. The current was kept 
constant through the use of a power supply and a five-ohm resistor. A typical 
dischargelreversal set-up is shown in Figure 2. 
Figures 3 through 8 show the results of the test discharges/reversals. 
Figure 3 shows the gesults of the previously discharged cells discharged at 
approximately 165 F. Cell Serial Number 1322 was discharged without a shunt 
diode. It reached a minimum voltage of -0.92 volts at approximately 2.5 
hours. Shortly after this, the cell vented and the voltage began to rise. 
The test was discontinued at 2.75 hours. Cell Serial Number 1327 was 
discharged with a shunt diode and reached a minimum voltage of -0.12 volts at 
four hours. At this time, it also vented and the voltage began to rise. This 
test was terminated at 4.1 hours. The LCFS cells are vented by the placement 
ef a downward-oriented sticker overlaying a thin diaphragm. As the pressure 
builds inside a cell, the diaphragm expands outward until it meets the sticker 
and i s  pierced.  The above-mentioned c e l l  ven t s  were t h i s  type of very pass ive  
vent.  The only i n d i c a t i o n  t h a t  a ven t  had occurred was t h e  d i s t i n c t  aroma of 
t h e  c e l l s '  e l e c t r o l y t e .  T h e r e  w a s  no evidence of anything o t h e r  than  vapor 
leav ing  t h e  c e l l .  
F igure  4 shows t h e  t e s t  r e s u l t s  of more r e c e n t l y  discharged c e l l s  run a t  
1 6 5 ' ~ .  C e l l  S e r i a l  Number 1 4 8 5  w a s  d i s c h a r g e d  w i t h o u t  a d i o d e  f o r  
a p p r o x i m a t e l y  24 h o u r s .  A t  one h o u r ,  t h e  c e l l  had vented a t  a vol tage  of 
-0.40 v o l t s .  The r e v e r s a l  was c o n t i n u e d  and  a t  t h e  2.5 h o u r  = a r k  (-0.83 
v o l t ) ,  t h e  d i o d e  began  t o  c a r r y  c u r r e n t .  The v o l t a g e  s t a b i l i z e d  a t  -1.52 
v o l t s  w i th  t h e  diode c a r r y i n g  0.483 amperes. 
F igure  5 shows t h e  t e s t  r e s u l t s  f o r  p r e v i o u s l y  and f r e s h i y  d i s c h a r g e d  
c e l l s  r e v e r s e d  a t  o u t d o o r  ambient  t e m p e r a t u r e s  (57 + o r  - 10 F) without  
diodes.  Both p r e v i o u s l y  d i s c h a r g e d  c e l l s  ( S e r i a l  Numbers 1354 and 1386) 
r e v e r s e d  q u i c k l y ,  and  by t h i r t y  minutes i n t o  t h e  r e v e r s a l ,  had reached t h e i r  
minimum v o l t a g e s  of -4.68 and-1.46 v o l t s ,  r e spec t ive ly .  However, by t h e  two- 
hour mark, both c e l l  vo l t ages  had s t a b i l i z e d  a t  -0.20 v o l t s  and remained t h e r e  
f o r  t h e  r e m a i n d e r  of t h e  t e s t .  The f r e s h l y  discharged c e l l s  ( S e r i a l  Numbers 
1463 and 1471) bo th  reversed  only t o  approximate ly  -0.10 v o l t s  by t h e  f i v e -  
hour mark and remained t h e r e  f o r  t h e  remainder of t h e  t e s t .  
Figure 6 shows t h e  t e s t  r e s u l t s  of bo th  previous ly  ( S e r i a l  Number 1335) 
and r e c e n t l y  ( S e r i a l  Number 1395) d i s c h a r g e d  c e l l s  d i s c h a r g e d  a t  o u t d o o r  
ambien t  t e m p e r a t u r e s  w i t h  d i o d e s .  W i t h i n  t h e  f i r s t  hour of r e v e r s a l ,  both 
c e l l s  had reached t h e i r  minimum vo l t ages  of -1.04 and -0.81, r e spec t ive ly .  By 
t h e  t h i r d  hour ,  bo th  c e l l s '  v o l t a g e s  had  r i s e n  and s t a b i l i z e d  a round -0.15 
v o l t s ,  where t h e y  s t a y e d  f o r  t h e  remainder of t h e  discharge.  I n  both t e s t s ,  
t h e  d iodes  began t o  func t ion  when t h e  c e l l  vo l t age  reached -0.60 v o l t s .  The 
d i o d e s  g r a d u a l l y  began  t o  c a r r y  more and more of  t h e  c u r r e n t  u n t i l  t h e y  
c a r r i e d  approximately 0.250 amperes a t  both c e l l s '  minimum v o l t a g e s ,  A s  t h e  
v o l t a g e s  began t o  r i s e ,  t h e  c u r r e n t s  t h rough  t h e  diodes began t o  gradual ly  
f a l l  u n t i l  they were no longer  func t ioning ,  w i t h  n e i t h e r  f u n c t i o n i n g  by t h e  
two-hour mark. 
F igure  7 shows t h e  t e s t  r e s u l t s  of t h e  cold (-25 + o r  -5 '~ )  d i scharge  of 
b o t h  t h e  p r e v i o u s l y  ( S e r i a l  Number 1377)  and r e c e n t l y  ( S e r i a l  Number 1500) 
discharged c e l l s ,  each without  diodes.  Each c e l l  reversed quick ly  wi th  S e r i a l  
Number 1377 reaching a minimum vo l t age  of -29.4 v o l t s  a t  t h e  ten-minute mark, 
and S e r i a l  Number 1500 reaching i ts  minimum of -9.4 v o l t s  a t  16  minutes. Each 
c e l l  began t o  recover  soon a f t e r ,  wi th  S e r i a l  Number 1500 reaching  -0.30 v o l t s  
by t h e  f i v e - h o u r  mark and -0.10 by t h e  t e s t  conclusion. S e r i a l  Number 1377, 
t h e  previous ly  d ischarged  c e l l  took longer  t o  recover ,  being -2.5 v o l t s  by t h e  
five-hour mark and -0.6 v o l t s  by t e s t  conclusion. 
F i g u r e  8 shows t h e  t e s t  r e s u l t s  o f  t h e  p r e v i o u s l y  d i s c h a r g e d - c e l l  
( S e r i a l  Number 1366)  and  t h e  r e c e n t l y  discharged c e l l  ( S e r i a l  Number 1460) 
both wi th  diodes,  C e l l  S e r i a l  Number 1366 reversed  immediately upon d ischarge  
t o  approximate ly  -1.10 v o l t s  where i t  remained  u n t i l  n e a r  t h e  end of  t h e  
discharge when i t  r o s e  t o  -0.40 v o l t s  by t h e  24-hour mark. I ts diode began t o  
func t ion  immediately, c a r r y i n g  0.425 amperes a t  t h e  one-minute mark and slowly 
r i s i n g  t o  0.480 amperes by one hour. A t  t h e  end  of t h e  d i s c h a r g e ,  when t h e  
c e l l  v o l t a g e  was -0.40 v o l t s ,  t h e  d i o d e  was n o t  func t ion ing .  C e l l  S e r i a l  
Number 1460 a l s o  reversed  e a r l y  i n  t h e  d i s c h a r g e ,  h a v i n g  a  v o l t a g e  of  -0.68 
v o l t s  a t  t h e  19-minute mark where t h e  d iode  began t o  func t ion .  By t h e  two- 
hour mark, t h e  vo l t age  had reached i t s  minimum of  -1.28 v o l t s  and t h e  d i o d e  
was c a r r y i n g  i t s  maximum l o a d  of  0.400 amperes. However, by t h e  five-hour 
mark, t h e  c e l l  vo l t age  had r i s e n  t o  -0.20 v o l t s  and t h e  d i o d e  was no l o n g e r  
funct ioning.  
EVALUATION AND RECOMMENDATIONS 
A l l  c e l l s  t e s t e d  a t  t h e  e l e v a t e d  t e m p e r a t u r e s  v e n t e d  r e g a r d l e s s  of 
l e n g t h  of t ime between be ing  f u l l y  discharged and reversed o r  i nc lus ion  of t h e  
diode i n  t h e  system. C e l l s  d i s c h a r g e d  a t  ambien t  t e m p e r a t u r e s  a l l  show a 
r e l a t i v e l y  q u i c k  r e v e r s a l ,  b u t  by t h e  two-hour mark,  had s t a b i l i z e d  a t  
vo l t ages  t h a t  were h igh  enough t h a t  t h e  d i o d e s  were n o t  f u n c t i o n i n g .  C e l l s  
t e s t e d  a t  d e p r e s s e d  t e m p e r a t u r e s  r e v e r s e d  t h e  deepest  of a l l  c e l l s  t e s t e d ,  
w i t h  t h e  d e e p e s t  r e v e r s a l  o c c u r r i n g  v e r y  e a r l y  i n  t h e  t e s t  and v o l t a g e s  
recovering t o  above -0.60 v o l t s  near  t h e  end of t h e  t e s t s .  
These  t e s t s  were  conduc ted  a t  o n l y  one r a t e  of discharage.  A h igher  
r a t e  of d i scharge  may cause t h e  diode t o  b e  used  f o r  l o n g e r  p e r i o d s  of  t i m e  
i n s t e a d  of j u s t  t h e  s h o r t  t r a n s i e n t  pe r iods  observed. Conversely, a t  a  lower 
r a t e  of d i scharge ,  t h e  d iodes  may no t  func t ion  a t  any time. 
H i s t o r i c a l l y ,  Li /CF c e l l s  have had no  s e v e r e  e f f e c t s  t o  r e v e r s a l .  
Ins tead  of any type of explosion o r  v i o l e n t  r e a c t i o n ,  t h e  pas s ive  vent  i s  t h e  
worst  observed response. This  vent ing  i s  gene ra l ly  a t t r i b u t e d  t o  t h e  so lven t  
r e d u c t i o n  t h a t  o c c u r s  i n  t h i s  c a t h o d e - l i m i t e d  c e l l ;  however ,  p re l iminary  
t e s t i n g  has  shown t h a t  anode-limited c e l l s  w i l l  e l i m i n a t e  t h e  v e n t i n g  d u r i n g  
ho t  r eve r sa l .  
These observa t ions  a r e  based on t h e  t e s t i n g  of a  smal l  number of c e l l s ,  
and f u r t h e r  c e l l  t e s t i n g  a s  we l l  a s  t e s t i n g  on t h e  b a t t e r y  l e v e l  i s  p l anned .  
Based on  c u r r e n t  i n f o r m a t i o n ,  t h e  d i o d e s  would f u n c t i o n  a s  p l anned  i n  a  
l i m i t e d  s e t  of c ircumstances wi th  l i m i t e d  b e n e f i t  t o  t h e  program. 
We would l i k e  t o  acknowledge t h e  suppor t  of t h e  M a r s h a l l  Space  F l i g h t  
Center i n  t h e  conducting of t h i s  work. 
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F i g u r e  1 
F i g u r e  2 .  T y p i c a l  test se t -up .  
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